ABSTRACT: This review assessed the relationships between dietary energy density and animal performance in an effort to evaluate a possible upper limit for energy density in finishing diets for cattle. Data were combined from 49 experiments (69 trials; 243 treatment observations) in which the dietary ME concentration (Mcal/kg of DM) was varied by level of concentrate, grain source, grain processing, and level of supplemental fat. Dietary concentrations of ME were determined using 1) NRC values of ME from diet ingredients; or 2) values derived from the literature, in which ingredient ME had been calculated from animal performance. Procedures for pooling data from multiple studies were used. The dependent variable was fit to a model that included a random slope and intercept clustered by trial. Trial-adjusted dependent variables (animal performance and carcass characteristics) were regressed on the independent variable (dietary ME concentration). Models were fit to cubic equations, and then reduced from cubic to quadratic to linear equations when the cubic and quadratic terms were not significant at P > 0.10. When NRC values were used, the relationship of DMI (% of BW) to dietary ME was linear (DMI decreased as ME increased; R 2 = 0.631). However, the
INTRODUCTION
Modern diets for feedlot cattle contain from approximately 2.70 to 3.45 Mcal of ME/kg of DM. Caloric density of finishing diets varies due to differences in grain level (66 to 88%; Galyean and Gleghorn, 2002) ; source, 1 E34 slope of ME intake (Mcal/kg of BW 0.75 ) vs. dietary ME content did not differ (P > 0.25) from zero, supporting the concept that ruminants on high-grain diets (2.7 to 3.3 Mcal of ME/kg of DM) eat to maintain constant energy intake. Quadratic relationships were observed (P < 0.05) when ADG and G:F vs. dietary ME concentration were analyzed. Gain:feed was maximized with 3.46 (NRC) to 3.65 (calculated) Mcal/kg of ME from the total diet, 2.99 (NRC) to 3.40 (calculated) Mcal/kg of ME from grain, and 0.43 (NRC) to 0.53 (calculated) Mcal/kg of ME from supplemental fat. Most relationships of carcass traits to dietary ME were not significant (P > 0.10). Increased 12th-rib fat at greater ME and increasing KPH suggests greater fat deposition with increasing caloric density. Assuming that NRC ME values for ingredients commonly used in finishing diets are correct, the upper caloric limit for maximizing ADG and G:F was 3.16 and 3.45 Mcal/kg of DM, respectively. Reaching the upper caloric limit for G:F would require most grains to be processed or fed in high-moisture form. Whether maximizing G:F results in the most desirable carcass composition and yield of retail cuts should be determined.
and degree of processing (Owens et al., 1997) ; roughage level (4.5 to 13.5%; Galyean and Gleghorn, 2002) ; and fat supplementation (2.5 to 6.5%; Galyean and Gleghorn, 2002; Zinn and Plascencia, 2002) , among other factors (e.g., byproducts, protein, liquid supplements). Grains, primarily corn, sorghum, barley, and wheat, are the main constituents of high-concentrate diets, and are often processed to increase ruminal and total tract starch digestibility and ME concentration of the diet (Owens et al., 1997) . Feedlot performance and carcass characteristics are also influenced by roughage level and source, due to their effects on DM and NE intake (Galyean and Defoor, 2003) . Fat is supplemented to finishing diets (2.5 to 6.5% of DM; Galyean and Gleghorn, 2002) to increase dietary energy density. Although increasing ME intake by supplementing fat has generally increased G:F, supplementing fat above 6 to 7% of DM has resulted in decreased intake to a level at which G:F is maintained or decreased (Zinn, 1989; Krehbiel et al., 1995) .
Although effects of dietary energy density on gain and efficiency are well documented, effects on carcass characteristics, body composition, and metabolic control factors are not as well defined. Because dietary energy level might affect rate and composition of gain in finishing cattle, it may be desirable to optimize energy density of finishing diets.
The purpose of this review was to evaluate the published literature and assess the relationship between dietary energy density and animal performance and carcass merit in an effort to evaluate a possible upper limit for energy density in finishing diets for cattle.
MATERIALS AND METHODS
To evaluate the role of dietary ME concentration in accounting for changes in performance, carcass characteristics, and body composition by feedlot cattle, data from 49 experiments (69 trials; 243 treatment observations; 8,251 cattle) were compiled in which the dietary ME concentration (Mcal/kg, DM basis) was altered by 1) grain level (or level of roughage); 2) grain type; 3) grain processing method; or 4) level of fat supplementation. There were 187 treatment observations from experiments where ME was altered by grain (or roughage) level, source, or processing (Table 1) , and 56 observations from experiments where ME was altered by level of supplemental fat (Table 2) . A summary of treatment observations for grain sources and processing methods used is shown in Table 3 . Studies screened were limited to peer-reviewed journal articles with the exception of 1 study from an experiment station publication (Gill et al., 1981 ) and 3 from a feeder's day report (Brandt et al., 1988a,b,c) . These studies were included to provide additional information that was lacking in the peerreviewed data. Information from a study was included if 1) cattle were given ad libitum access to feed; 2) cattle were fed in a group; 3) diet composition and animal processing were described; and 4) ADG and either DMI or G:F were reported. Whenever weight gains were adjusted for differences in dressing percent, those values were used; otherwise weight gains were based on changes in live weight reported by the authors (Owens et al., 1997) . Retained energy (RE; Mcal/d), proportion of fat in gain {proportion of fat = 0.122 × [(RE/ADG) − 0.146]}, and proportion of protein in gain {proportion of protein = 0.248 − [0.0264 × (RE/ADG)]} were calculated using equations from NRC (1996) . Hot carcass weight, dressing percent, LM area, 12th-rib fat thickness, KPH fat, yield grade, and marbling score were recorded when reported. Number of animals/treatment, minimums, maximums, mean, and median for diet characteristics and performance and carcass variables are shown in Tables 4, 5 , and 6 for combined data; data from experiments for which ME varied due to grain level (roughage level), source, or method of processing; and experiments for which ME varied due to level of supplemental fat, respectively. Owens et al. (1997) evaluated the effects of grain source and processing method on DMI, ADG, G:F, and feeding value for cattle fed high-concentrate diets. Metabolizable energy values for each grain and processing method were calculated using quadratic procedures from NE equations for medium-framed cattle (NRC, 1984 (NRC, , 1996 . In their summary, Owens et al. (1997) reported that all ME values calculated from animal performance, whether adjusted for final BW, were greater than reported by NRC (1996) . When the ME for grains processed in various ways were adjusted for BW, values for dry-rolled corn, milo, wheat, high-moisture corn, and whole barley fell within 5% of NRC (1996) values. The observed value for dry-rolled barley was 18% greater than the NRC (1996) estimate. Metabolizable energy values from all steam-flaked grains and high-moisture grain sorghum were from 8 to 24% greater than reported in NRC (1996) . Similarly, Zinn (1989) estimated that the NE m and NE g values for supplemental fats were greater than the value for tallow in the NRC (1996) . Owens et al. (1997) suggested that it might be desirable to revise current ME values in feed composition tables; therefore, ME values from NRC (1996) and calculated from performance were used to determine relationships between dependent variables (animal performance and carcass merit) and dietary ME concentrations for the present analyses.
Two methods of assigning ME values to diets were used. For the first method, tabular values from NRC (1996) were used and individual ingredient ME (DM basis) was multiplied by the percentage of that ingredient (DM basis) in the diet. When NRC (1996) provided no estimate for a specific processing method, the value for dry-rolled grain was used. For the second method, ME values for various grains and processing methods reported by Owens et al. (1997; BW-adjusted values) , and the ME value for fat calculated from the studies by Zinn (1989 Zinn ( , 1994 were used to calculate dietary ME. Metabolizable energy values for all other dietary ingredients were from NRC (1996). Owens et al. (1997) used average cattle weights across the feeding period and DMI to compute ME values of grains from various sources and processing methods. Quadratic procedures from appropriate net energy equations for mediumframed cattle (NRC 1984; 1996) were used; an example of the calculations used was included in Appendix 1 of their paper (Owens et al., 1997) . Zinn (1989) described calculations used to derive the NE m and NE g values of experimental diets and fat sources fed. For the present review, ME of fat was determined based on the NE g value derived by Zinn (1989) by solving the equation NE g = 1.42 ME − 0.174 ME 2 + 0.0122 ME 3 − 1.65 (NRC, 1996) . Because calculated NE g values from sources of fat commonly fed to finishing cattle generally have been similar, a value of 4.79 Mcal/kg of DM was used to derive ME (Zinn, 1989) . The only exception was for To calculate ME, tabular ME values from NRC (1996) for grain sources and methods of processing (when available) were multiplied by the percentage of that ingredient (DM basis) in the diet. When NRC (1996) provided no estimate for a specific processing method, the value for dry-rolled grain was used.
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To calculate dietary ME, metabolizable energy values for various grains and processing methods reported by Owens et al. (1997; BW-adjusted values) were used. tallow soap stock (NE g = 4.50 Mcal/kg of DM; Zinn 1994).
For each data point, the average BW of cattle over the course of the experiment was used to adjust DMI (% of BW) and ME intake (Mcal/kg of BW 0.75 ). This approach has limitations related to differences in animal age (calves vs. yearlings), days on feed before an experiment was initiated, location, and season of year the experiment was conducted, etc., which were not accounted for in the present analysis. In addition, cattle from 60 of the 243 treatment means were not fed an ionophore. It has been suggested (NRC, 1996) that dietary NE m is increased by 12% (ME by 6%; Owens et al., 1997) when an ionophore is fed. Because this value may vary with energy level and source of ionophore, no adjustments were made in calculated ME values for diets in which no ionophore was fed for the present data analysis. Only 8 of the 243 treatment means used did not include at least an initial implant at the beginning of the finishing period. Guiroy et al. (2002) reported that implanted steers and heifers had 4.2 and 3.1% greater apparent ME values compared with nonimplanted cattle. However, there did not appear to be an implant dose response for diet ME use. For the present analysis, no implant or implant dose × dietary ME concentration interaction was assumed.
Procedures described by St-Pierre (2001) for pooling data from multiple studies were used (MIXED procedure of SAS, Release 9.1, SAS Institute Inc., Cary, NC). These procedures have been used and illustrated by To calculate ME, tabular ME value from NRC (1996) for fat (tallow) was multiplied by the percentage of that ingredient (DM basis) in the diet.
To calculate dietary ME, metabolizable energy values for fat calculated from the studies by Zinn (1989 Zinn ( , 1994 were used. Galyean and Defoor (2003) . As these authors suggested, experiment and/or trial effects such as differences in cattle factors (age, biological type, sex, management; Plegge et al., 1984) , environmental factors (Plegge et al., 1984; Mader et al., 1997) , differences attributable to dietary factors other than ME, among many other unknown, random factors are typically important in pooled data analyses.
For the present analyses, the dependent variables of DMI, ME intake, ADG, G:F, RE, proportion of fat and protein in gain, LM area:HCW, 12th-rib fat thickness, marbling score, KPH, yield grade, marbling:12th-rib fat thickness, and12th-rib fat thickness:LM area were regressed on the independent variables of dietary ME concentration (calculated from NRC, 1996 values of dietary ingredients), dietary ME concentration (calculated from performance; Zinn, 1989 Zinn, , 1994 Owens et al., 1997) , dietary ME concentration from grain, and dietary ME concentration from supplemental fat. Each dependent variable was fit to a model that included a fixed slope and intercept, and a random slope and intercept clustered by trial. An unstructured variancecovariance matrix was assumed for the random inter- cepts and slopes; when slope-intercept covariance was not significant (P > 0.10) it was removed from the model. Models were fit to cubic functions, and then reduced from cubic to quadratic to linear equations when the cubic and quadratic effects were not significant (P > 0.10). Because SAS was unable to generate slope-intercept covariance estimates with some quadratic and cubic models, these effects were eliminated from the random statement; therefore, it is likely that quadratic and cubic equations subsequently reported may be slightly biased. Trial-adjusted dependent variables were calculated as described by St-Pierre (2001) and were regressed on the independent variables using the regression techniques of the GLM procedure of SAS Release 9.1.
RESULTS AND DISCUSSION

Combined Data
Trial-adjusted combined data showing the relationships between DMI, ME intake, and dietary ME concentration are shown in Figure 1 . When ME was calculated using NRC (1996) values, a linear relationship was observed between DMI and dietary ME concentration, with DMI (% of BW) decreasing 0.89% for every 1-Mcal increase in dietary ME (Figure 1a) . Plegge et al. (1984) summarized data from feedlot trials (617 pens and 14,199 total cattle) conducted at the University of Minnesota. Similar to the present experiment, the mean feeding period DMI of all dietary ingredients was calculated for each pen of cattle, and ME values were assigned to each ingredient according to NRC (1984) for calculating dietary ME density. When mean BW was held constant, DMI (kg/d) was maximized when ME density of the diet was 2.47 Mcal/kg of DM. When rela- Diet values represent 243 total treatment means: 139 treatment means from studies in which ME content differed by altering grain source or method of processing; 48 treatment means from studies in which ME content differed by increasing roughage level; and 56 treatment means from studies in which ME content differed by increasing dietary fat.
2
To calculate ME, tabular ME values from NRC (1996) for grain sources, methods of processing (where available), and fat (tallow) were multiplied by the percentage of that ingredient (DM basis) in the diet. When NRC (1996) provided no estimate for a specific processing method, the value for dry-rolled grain was used.
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To calculate dietary ME, metabolizable energy values for various grains and processing methods reported by Owens et al. (1997; BW-adjusted values) and for fat calculated from the studies by Zinn (1989 Zinn ( , 1994 were used. 4 Slight 00 = 3.00, Small 00 = 4.00.
tive BW (calculated as shrunk BW/shrunk slaughter weight) was held constant, DMI was maximized when the diet contained 2.78 Mcal/kg of DM, and then declined thereafter. Dietary ME concentration from the summary by Plegge et al. (1984) ranged from 2.0 to 3.4 Mcal/kg of DM, and the relationship between DMI and dietary ME concentration appeared quadratic. Dry matter intake decreased as dietary ME increased from 2.5 (constant BW) or 2.8 (relative BW) to 3.4 Mcal/kg of DM, which is consistent with decreased DMI with increased dietary ME in the present data summary. Dry matter intake decreased across dietary ME values ranging from 2.66 to 3.29 Mcal/kg of DM (calculated from NRC, 1996 values) in the present summary. In contrast to the linear relationship of DMI to ME concentration calculated using NRC (1996) values (Figure 1a) , the cubic function was significant (P < 0.001; R 2 = 0.819; Figure 1b ) when DMI vs. ME concentration from literature (Zinn, 1989 (Zinn, , 1994 Owens et al., 1997) values was evaluated for the combined analysis. For this comparison, DMI decreased to a ME of approximately 3.45 Mcal/kg of DM, and then leveled out thereafter. Values from 3.45 to 3.70 (48 treatment observations) contained an average of 6.09% total dietary fat, 3.42% supplemental fat, and 9.34% roughage. Only 7 of the treatment observations in this range of ME did not contain at least 3.0% supplemental fat, and only 6 of the treatment observations contained greater than 4.0% supplemental fat. Assuming ME values calculated from performance (Zinn, 1989 (Zinn, , 1994 Owens et al., 1997) reflect actual ME values of grains and fats, these data might suggest that feeding supplemental fat (approximately 3 to 4%) prevents intake from dropping below approximately 1.9% of BW when dietary ME exceeds 3.45 Mcal/kg of DM. Although it's unlikely that dietary ME would exceed 3.45 Mcal/kg of DM in commercial feedlot diets, adding fat (3 to 4%) to diets with extensively processed or high-moisture grains may be of benefit for maintaining DMI in feedlot cattle.
In the present data summary, the slope of the regression line for the relationship of ME intake vs. dietary ME concentration did not differ (P = 0.25) from zero when ME values were assigned to each ingredient according to NRC (1996) for the combined analysis (data Table 5 . Description of data used to determine relationships between performance response by finishing cattle and ME concentration from grain Diet values represent 139 treatment means from studies in which ME content differed by altering grain source or method of processing, and 48 treatment means from studies in which ME content differed by increasing roughage level.
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To calculate ME, tabular ME values from NRC (1996) for grain sources and methods of processing (when available) were multiplied by the percentage of that ingredient (DM basis) in the diet. When NRC (1996) provided no estimate for a specific processing method, the value for dry-rolled grain was used. not shown), suggesting that feedlot cattle consume DM to maintain a constant ME intake. Owens et al. (1995) used ME values for various corn:alfalfa mixtures to illustrate the effects of dietary ME on DMI. The authors concluded that as concentrate:roughage increased, DMI decreased so that ME intake remained constant, consistent with the present summary. Over a wider range of Table 6 . Description of data used to determine relationships between performance response of finishing cattle and ME concentration from supplemental fat To calculate ME, tabular ME value from NRC (1996) for fat (tallow) was multiplied by the percentage of that ingredient (DM basis) in the diet.
3
To calculate dietary ME, metabolizable energy values for fat calculated from the studies by Zinn (1989 Zinn ( , 1994 were used. dietary ME concentrations (2.0 to 3.4 Mcal/kg of DM), Plegge et al. (1984) reported that ME intake continued to increase at a decreasing rate until the dietary ME concentration reached approximately 3.0 (constant BW) to 3.2 (constant relative BW) Mcal/kg of DM. When dietary ME values calculated from performance (Zinn, 1989 (Zinn, , 1994 Owens et al., 1997) were considered for the Owens et al., 1997; Zinn, 1989 Zinn, , 1994 to trial-adjusted DMI (a and b) or ME intake (c). For present analysis, the cubic function was significant (P < 0.001; Figure 1c ). However, this relationship appeared to be driven by potentially influential data points on both ends of the range of dietary ME values. Cattle (365-kg steers, n = 2 observations; and 325-kg heifers, n = 1 observation) consuming greater than 0.34 Mcal/kg of BW 0.75 at 3.68 to 3.70 Mcal/kg of DM were being fed 80% steam-flaked wheat with 3.50 to 4.00% supplemental fat and 10% roughage. Cattle (260-kg steers, n = 2 observations) consuming less than 0.27 Mcal/kg of BW 0.75 at 2.61 Mcal/kg of DM were fed 68% dry-rolled grain sorghum with 0.05% supplemental fat and 20% roughage from cottonseed hulls (15%) and alfalfa hay (5.0%). Ferrell and Jenkins (1995) showed that over a wide range of DMI, the relationship between ADG and feed intake appeared to be nonlinear, suggesting that as feed intake increases, the incremental increase in ADG decreases. In the present data summary, when ME values were calculated using NRC (1996) values, a quadratic relationship was observed between ADG and dietary ME concentration, with ADG increasing at a decreasing rate as dietary ME concentration increased (Figure 2a) . Taking the first derivative of the quadratic equation and solving for zero indicated that ADG reached an asymptote when dietary ME was 3.16 Mcal/ kg of DM. However, the equation relating ADG to dietary ME concentration accounted for only 23% of the variation (P < 0.05). When ME values calculated from performance (Zinn, 1989 (Zinn, , 1994 Owens et al., 1997) were considered, the relationship of ADG to dietary ME concentration was linear (Figure 2b ) with a positive slope. Only 15.3% of the variation in ADG was accounted for with this equation. Gain:feed was maximized at 3.46 and 3.65 Mcal of ME/kg of DM, respectively, when dietary ME concentration from NRC (1996) and literature values (Zinn, 1989 (Zinn, , 1994 Owens et al., 1997) were evaluated as the independent variable (Figures 2c and 2d) . These data show that the relationship between G:F and dietary ME is nonlinear in cattle fed high-energy diets, suggesting that as ME increases, G:F increases but at a decreasing rate. It should be cautioned that the calculated maximum for G:F derived from the equation using NRC (1996) values was above the upper range of the data for dietary ME (Figure 2c) . Moreover, dietary ME of 3.46 Mcal/kg of DM would be untenable using most practical formulation constraints for modern feedlot diets, which would contain approximately 4% dietary fat and 9% roughage (approximately 5% NDF from roughage on a DM basis; Galyean and Gleghorn, 2002) .
In a review of growth and development of feedlot cattle, Owens et al. (1995) showed the relationships of fat and protein accretion to RE for bulls and steers fed high-concentrate diets ad libitum. The derived equation for fat accretion (kg/d) = 0.15 RE − 0.0057 RE 2 − 0.162 (R 2 = 0.94) indicated that as RE increased, fat accretion increased at a decreasing rate. In contrast, the derived equation for protein accretion (kg/d) = 0.267 − 0.072 RE + 0.0094 RE 2 (R 2 = 0.34) indicated that protein accretion decreased slightly as RE increased. The relationships between RE, proportion of fat in gain, and proportion of protein in gain and dietary ME concentration calculated using NRC (1996) ME values for dietary ingredients are shown in Figure 3 . Quadratic functions were significant (P < 0.001) for RE (Figure 3a) , proportion of fat in gain (Figure 3b) , and proportion of protein in gain ( Figure 3c) . As described by the first derivative, RE reached an asymptote when dietary ME was 3.27 Mcal/ kg of DM. Similar to the data summarized by Owens et al. (1995) , the present data indicate that the increase in RE with increasing dietary ME is associated with an increase in the proportion of fat in gain and a slight decrease in the proportion of protein in gain when highgrain diets are fed. Retained energy reached a maximum at approximately the same dietary ME at which ADG was maximized (3.16 Mcal). However, as suggested by Owens et al. (1995) , relationships of weight gain and proportion of fat and protein in gain are confounded with BW, because most of the cattle in studies used for the present analyses were fed for constant days on feed, not to a constant final BW. The exponent for empty BW gain (1.097) in the RE equation (RE = 0.0635 × empty BW 0.75 × empty BW gain 1.097 ; NRC, 1996) indicates that the energy content of gain increases with increasing rate of gain at any given live BW, although the effect is expected to be relatively small. Therefore, the main determinant of composition of gain appears to be BW.
The number of treatment observations available for evaluating relationships of carcass traits to dietary ME ranged from 72 to 160. Relationships of most carcass traits to dietary ME concentration were not significant (P > 0.10; data not shown). Equations derived from relationships for which the cubic and/or linear functions were significant are shown in Table 7 . When dietary ME concentration from NRC (1996) and literature values (Zinn, 1989 (Zinn, , 1994 Owens et al., 1997) increased, dressing percent increased (P < 0.05), whereas the ratio of marbling:12th-rib fat decreased (P < 0.05). The relationship of 12th-rib fat to dietary ME concentration was described by a cubic function when dietary ME was calculated from values derived from the literature (Zinn, 1989 (Zinn, , 1994 Owens et al., 1997) . Twelfth-rib fat increased as ME concentration increased from approximately 2.65 to 2.95 Mcal/kg, remained constant to approximately 3.50 Mcal/kg, and then increased as dietary ME increased to 3.70 Mcal/kg of DM. All grains (corn, grain sorghum, and wheat) fed when diet ME ranged from 3.50 to 3.70 Mcal/kg of DM in this relationship were steam-flaked. Steam flaking was shown to result in greater 12th-rib fat thickness but lower marbling and quality grades in a previous data summary (Owens and Gardner, 2000) . However, in several studies in which dry rolling was compared with steam flaking, effects of grain processing on 12th-rib fat and marbling score were small or nonsignificant (Zinn, 1988 (Zinn, , 1989 Barajas and Zinn, 1998) . In addition, data used Owens et al., 1997; Zinn, 1989 Zinn, , 1994 for the present analyses were potentially confounded by cattle age and location of study. Therefore, the significance of this response remains in question. When ME values calculated from performance were considered (Zinn, 1989 (Zinn, , 1994 Owens et al., 1997) , the relationship of KPH to dietary ME concentration was linear 0.52 ± 0.14 0.360 (P < 0.14) (P < 0.001) Marbling:12th-rib fat (NRC, 1996) To calculate ME, tabular ME values from NRC (1996) for grain sources, methods of processing (when available), and fat (tallow) were multiplied by the percentage of that ingredient (DM basis) in the diet. When NRC (1996) provided no estimate for a specific processing method, the value for dry-rolled grain was used.
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To calculate dietary ME, metabolizable energy values for various grains and processing methods reported by Owens et al. (1997; BW-adjusted values) and for fat calculated from the studies by Zinn (1989 Zinn ( , 1994 were used.
with a positive slope (P < 0.001). Woody et al. (1983) reported that increasing the percentage of grain in the diet increased dressing percent, carcass fat, and 12th-rib fat thickness when cattle were adjusted to equal carcass weight. Maturity, marbling score, quality grade, LM area, and KPH fat were not influenced by dietary grain level. From the present analyses, the increased 12th-rib fat at greater ME and increasing KPH might suggest greater fat deposition with increasing caloric density. Figure 4 shows the relationship between DMI and performance response and ME concentration from grain calculated using NRC (1996) values. Similar to the combined data set, a linear relationship was observed between DMI and dietary ME concentration, with DMI decreasing 0.61% for every unit increase in dietary ME concentration from grain ( Figure 4a ). Decreased feed intake appears to be a consistent response of finishing cattle to increased dietary energy density, most likely reflecting chemostatic intake regulation or potentially increased metabolic acid load. Although the relationship was generally weak, the cubic function was significant (P = 0.03) for the relationship between ME intake and ME concentration from grain when NRC (1996) values were used (Figure 4b ). Metabolizable energy intake decreased from 1.68 to 2.09, remained constant to approximately 2.65, and then decreased from 2.65 to 2.95 Mcal/kg of DM. Evaluating treatment observations indicated that at the lower ME level, treatment observations (n = 12) contained from 52 to 68% grain, and an average of 21.6% roughage. Treatment observations (n = 43) from 2.65 to 2.95 Mcal/kg of DM from grain contained from 79 to 91% grain, and an average of 7.40% roughage. Ten treatment observations were from experiments in which no roughage was fed.
Grain Level, Source, and Processing Method
These observations are consistent with data reporting increasing ME intake with increasing roughage, and decreasing intake with all concentrate diets. Several potential mechanisms for this response have been discussed, including energy dilution, ruminal or metabolic acidosis, and rate of passage, among other factors (Owens et al., 2002; Galyean and Defoor, 2003) . In contrast, greater roughage levels can depress intake of ME by cattle consuming high-concentrate diets. Peak ME intakes were reached with 17 to 25% of the diet DM being corn silage or other roughage sources (Owens et al., 2002) .
When dietary ME was calculated using NRC (1996) values in the present summary, a quadratic relationship was observed between ADG and dietary ME concentration, with ADG increasing at a decreasing rate as dietary ME concentration increased ( Figure 4c) . As described by the quadratic equation, ADG reached an asymptote when ME from grain was 2.59 Mcal/kg of DM. In addition, when ME concentration from grain calculated from NRC (1996) was evaluated as the independent variable, G:F was maximized at 2.99 Mcal of ME/kg of DM from grain ( Figure 4d) . Woody et al. (1983) studied the effects of increasing grain in the diet on ADG and G:F. Regression analysis indicated that ADG increased 0.009 kg for each percentage unit increase in grain level between 30 and 70%. Similarly, feed conversion (kg of daily DMI/kg of ADG) was improved by 0.058 kg of diet DM for each percentage unit increase in grain over the same range. Dry matter intakes remained relatively constant as the percentage of grain in the diet increased to approximately 80%, and then decreased. Average daily gain was improved until grain level reached 80%, and then decreased due to lower DMI. These data are consistent with the present summary. Similarly, in a review of the effects of feedlot management and nutrition on performance and carcass traits, Owens and Gardner (2000) showed that increasing concentrate levels increased ADG and G:F to a plateau.
Although the range in ME concentration associated with grain level, source, and method of processing was greater when the literature values were used (Owens et al., 1997) , relationships of animal performance to ME concentration from grain were generally similar as when NRC (1996) values were considered (data not shown). The one exception was for the relationship of ME intake to dietary ME from grain, which increased by 0.01 Mcal/kg of BW 0.75 for every unit increase in ME concentration from grain, similar to the results of Woody et al. (1983) . Discrepancies between estimated maximum ADG and G:F between NRC (1996) and calculated (Owens et al., 1997 ) ME values from grain most likely reflect the lack of values provided by NRC (1996) for processed grains.
Fat Level
Fat is supplemented to finishing cattle diets (2.5 to 6.5% of DM; Galyean and Gleghorn, 2002) to increase dietary energy density. Although increasing ME intake by supplementing fat has generally increased G:F, supplementing fat above 6 to 7% of DM has resulted in decreased intake to a level at which G:F is maintained or decreased. Zinn and Plascencia (2002) studied the effects of increasing tallow fatty acids (0, 3, 6, and 9%) on growth performance of steer calves fed a high-energy diet. Increasing level of fat supplementation linearly decreased ADG, DMI, and dietary NE. Observed/expected dietary NE m was 1.03 with 3% supplemental fat and declined to 0.90 with 9% supplemental fat. The authors concluded that the feeding value of total fatty acids was proportional to total fatty acid intake. When total dietary fatty acid intake was less than 6%, the NE value of total fatty acid was consistent to the tabular values for tallow. Above 6%, the energy intake, ADG, and the NE value of total fatty acids decreased. Figure 5 shows the relationship between DMI and performance response and ME concentration from supplemental fat calculated using the NRC (1996) value for tallow. Similar to the overall data set, a linear relationship was observed between DMI and ME concentration from supplemental fat, with DMI decreasing 0.26% for each unit increase in dietary ME concentration from fat ( Figure 5a ). In contrast, the slope describing the relationship of ME intake to ME from supplemental fat did not differ (P = 0.69) from zero (data not shown).
A quadratic relationship was observed between ADG and supplemental fat ME content ( Figure 5b ). As described by the quadratic equation, ADG reached an asymptote when ME from fat was 0.26 Mcal/kg of DM. In addition, when ME concentration from supplemental fat was evaluated as the independent variable, G:F was maximized at 0.43 Mcal of ME/kg of DM from fat (Figure 5c) . Maximum ADG and G:F were achieved at the equivalent of 3.99 and 6.75% supplemental fat, respectively, when the NRC (1996) ME value for tallow was used. When ME values derived from Zinn (1989 Zinn ( , 1994 were used, ADG and G:F were maximized at the equivalent of 4.56 and 6.80% supplemental fat, respectively. These data are in agreement with the level of supplemental fat currently being used in feedlot diets by consulting nutritionists (Galyean and Gleghorn, 2002) , and support the plateau in G:F observed above 6 to 7% supplemental fat.
With the exception of ME intake, relationships of animal performance and carcass composition to ME concentration from supplemental fat were generally similar when NRC (1996) values or literature values (Zinn, 1989 (Zinn, , 1994 values were used. All intercepts and R2 values were nearly identical, with regression coefficients nearer to zero for literature values, reflecting the greater ME values from supplemental fat.
CONCLUSIONS
Assuming that NRC (1996) ME values for ingredients commonly used in finishing diets are correct, the upper caloric limits for maximizing ADG and G:F were 3.16 and 3.45 Mcal/kg of DM, respectively. As suggested by Owens et al. (1997) , adding values to the NRC for all grains commonly fed in finishing diets and processed by varying methods would be beneficial for defining caloric limits. It appears from the present data analysis that reaching the upper caloric limit for maximizing G:F would require most grains to be processed and/or fed in high-moisture forms. Although the relationships of most carcass traits to dietary ME content were not significant, increasing proportion of fat in gain, increasing KPH, and increased 12th-rib fat at greater ME suggest greater fat deposition with increasing caloric density, consistent with the data for nonruminants (Pettigrew and Moser, 1991; Azain, 2001) . It should be determined whether maximizing G:F results in the most desirable carcass quality and yield of retail cuts.
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